Various hepatic vein reconstruction techniques such as autologous inferior vena cava (IVC) patch grafts, internal jugular vein (IJV), saphenous vein, explanted portal vein (EPV), homologous cryopreserved vein grafts, and prosthetic vascular grafts have been reported to overcome primary graft dysfunction or small-forsize graft syndrome in living donor liver transplantation (LDLT) using a right lobe (RL) graft without the middle hepatic vein (MHV) trunk. (1) (2) (3) (4) (5) However, large-sized vein allografts are often limited, and their postoperative patency after surgery has not been evaluated. Therefore, we preferred to use a round ligament, which was easily procured during donor surgery, to make the cuff system for the outflow reconstruction.
Patients and Methods

GrAft seLeCtion
In total, 522 adult patients who had undergone LDLT at Kyushu University Hospital (Fukuoka, Japan) from January 1998 to December 2015 were enrolled in the study. Graft types included RL grafts (n = 206) by our criteria, as previously described. (1) All LDLTs were performed after obtaining full informed consent from all patients and approval by the Liver Transplantation Committee of Kyushu University. The study protocol conformed to the ethical guidelines of the 1975 Helsinki Declaration and was approved by our institutional review board.
CriteriA for reConstrUCtion of the hePAtiC Veins in the rL GrAft
MHV tributaries draining the segment 5 vein (V5), the segment 8 vein (V8), and the inferior right hepatic vein (IRHV) were detected by preoperative computed tomographic volumetric analysis. Reconstruction of these veins was indicated when their diameter was ≥5 mm or the volume was ≥10% of the graft volume. (1) 
sUrGiCAL ProCeDUre for VenoPLAstY AnD oUtfLoW reConstrUCtion
At the back table, reconstruction of V5 and V8 as an "all-in-one RL graft" was performed. A left IJV graft was anastomosed to V5 in an end-to-end fashion and to V8 in an end-to-side fashion using 6-0 Prolene continuous sutures (Ethicon, Somerville, NJ). (1) A side wall of the RHV was anastomosed to the opened EPV graft patch. The IRHV was also anastomosed to an independent hole made on a wall of the EPV patch with 6-0 Prolene continuous sutures as the bridge. Finally, the IJV graft was anastomosed to the EPV patch to create a single orifice, and the RL graft was ready to be transplanted (Fig. 1A) . To make the venous cuff system, a round ligament from the donor was procured and cut to make a rectangle-shaped patch. An opened round ligament patch was anastomosed to the ventral side of a single orifice by using 6-0 Prolene continuous sutures (Fig.  1B) . Figure 2 shows the implantation procedure of the RL graft with the venous cuff using the donor's round ligament. The implantation procedure of the RL graft was performed in a face-to-face manner. As described previously, with the bridge patch, the RHV, IRHV, and V8 were connected together for a 1-step venous reconstruction ( Fig. 2A) . Next, by the venous cuff, the suturing of the anterior wall following the posterior wall is a very large width anastomosis hole compared with that without the cuff (Fig. 2B) . In this way, this additional venous cuff of the donor's round ligament makes anastomosis between the IVC and RHV sterically easy because its anastomosis orifice remains open. The patency of the reconstructed vein was evaluated by enhanced computed tomography at 3-6 months after LDLT.
stAtistiCAL AnALYsis
All values are expressed as mean ± standard deviation. A parametric paired t test was used to compare paired samples, and a chi-square test was used to compare categorical values. Continuous variables were compared using a nonparametric Wilcoxon test for independent samples. All differences were considered statistically significant when P < 0.05.
Results
imPACt of A VenoUs CUff of the roUnD LiGAment on PostoPerAtiVe PAtenCY in ALL-in-one VenoUs reConstrUCtion
LDLT using RL graft with all-in-one venous reconstruction was performed in 90 of 206 patients with fiG. 1. The RL graft after venous reconstruction at the back table. (A) The dilated IJV was used to interpose the V5 and the V8, and the EPV was used as a patch graft as the bridge to unify the venous orifices of the IRHV without the venous cuff. (B) In addition to the above classical setting, the rectangle-shaped portion of the round ligament was applied to create the cuff of the RHV orifice, resulting in a large-sized unified venous orifice. Instead of the EPV for the bridge patch, the remnant round ligament was applied.
LiVer trAnsPLAntAtion, Vol. 25, no. 1, 2019 toshimA ET AL.
Letters from the frontLine | 173 LDLT using RL graft. The venous cuff was applied to 60 patients, but not to 30 patients. According to these indications for reconstruction, the patients with IRHV, V5, and V8 to be reconstructed were 37, 39, and 40 patients in the 60 patients with the cuff and 17, 19, and 19 patients in the 30 patients without the cuff, respectively.
All venous tributaries were patent in 75.0% and 53.3% of patients with and without the venous cuff of the round ligament (P = 0.03). The patency rate of The all-in-one venosplasty with the venous cuff using a donor's round ligament. The implantation procedure of the RL graft was performed in a face-to-face manner. With a bridge patch, the RHV, IRHV, and V8 were connected together for a 1-step venous reconstruction. Next, by the venous cuff applied to the ventral side of the bridge, the suturing of the anterior wall following the posterior wall is a very large width anastomosis hole compared with that without the cuff. each reconstructed tributary in the RL of the all-in-one venoplasty with and without venous cuff was as follows: IRHV, 89.2% and 58.8% (P = 0.01); V5, 82.1% and 63.2% (P = 0.12); and V8, 90.0% and 73.7% (P = 0.12), respectively (Fig. 3) . The graft mortality rates within 30 days in the all-in-one RL groups with and without the venous cuff were 1.7% and 0%, respectively (P = 0.37), and there were no cases of small-for-size syndrome in both groups.
Discussion
One of the main objectives of this study was to investigate "the impact of the venous cuff technique" for all-in-one venous reconstruction in the setting of LDLT using the RL without the MHV trunk. In addition, the donor's round ligament, which was always procured easily and expected to be durable and tough for the manual dilatation at the bench surgery, was presented to create the venous cuff. The patency rate for the cases wherein all tributaries were reconstructed has been increased by the cuff system using the round ligament. Among all 90 patients (with or without the venous cuff), there were no patients without MHV tributaries or IRHV to be reconstructed. However, even in that case in which only the RHV was to be reconstructed, this cuff technique of the round ligament at the ventral side of RHV should be performed in all patients.
The paraumbilical vein in the round ligament from donor surgery was cleaned, opened, and longitudinally incised before use as in our previous report. (2) If possible, the remaining rectangle-or triangle-shaped patch of the IJV or EPV graft was applied to this portion. However, they often could not because of their limitation. In fact, the EPV and IJV usually have a larger caliber with a healthy wall and considerable length, making them an easy-to-handle venous graft and LiVer trAnsPLAntAtion, Vol. 25, no. 1, 2019 toshimA ET AL.
Letters from the frontLine | 175 suitable for a fine anastomosis. (1) However, the EPV is not available in patients with portal vein thrombosis or hilar hepatocellular carcinomas, and the IJV was preferred for reconstructing fine MHV tributaries because of its healthy venous wall for a fine anastomosis. Therefore, the round ligament, which could be always obtained during most donors' laparotomies, was preferred for use in the setting of these cases for the venous cuff system.
In a previous report, (4) we preferred to use the recipient's recanalized umbilical vein for the reconstruction of the MHV tributaries once. However, the umbilical vein from the recipient is often thin and widely dilated, and it may sometimes be too fragile to be used for even the pure patch. Therefore, we prefer to use the recipient's round ligament as the bridge for joining the RHV, MHV tributaries, and IRHV, instead of the IJV or EPV, besides, the donor's round ligament was applied to create for the venous cuff. In addition, the cross-sectional images of the round ligaments from donors by CD31 immunohistochemistry revealed that only approximately one-third of the round ligaments in adults contained an open umbilical vein as the type of canalized umbilical vein. (2) However, there seem to be no significant differences between the patients with opened umbilical veins and the patients with unopened umbilical veins in clinical use as patch grafts, and no thrombosis and stenosis were detected at the implant site of the opened round ligament as the venous patch. (2) Nevertheless, further pathological and clinical studies are necessary for evaluating the feasibility of using the opened round ligaments of the donors as the venous cuff compared with the various other grafts such as EPV, inferior mesenteric vein, and IVC, and so on.
From a technical aspect, a direct anastomosis of the RL graft without the cuff, like the classical or conventional separate venoplasty, is sometimes difficult because an in situ anastomosis of often short RHVs and/or small hole of MHV tributaries themselves are sometimes performed in a narrow and often bloody surgical field. (5) Moreover, adjustments to an exact length, size, and orientation of vessels are required, considering the changes resulting from postoperative graft regeneration; otherwise, an enlarged graft might compress the RHV anastomosis. Outflow obstruction due to hepatic vein stenosis or occlusion may occur for various reasons, including torsion due to inappropriate orthotropic graft positioning, kinking, stretching, graft regeneration and compression, and a tight suture line. However, this novel cuff system joins all large-sized venous orifices together in and around a large rectangular venous patch of the round ligament. Thus, we used a venous patch as an anastomosis cuff to create a large-sized RHV orifice, and the most useful feature of this cuff system is the ease of the in situ anastomosis. No kinking or worse alignment of the unified RHV was introduced by a large-sized unified venous orifice. Therefore, the patency rate of cases in which all tributaries were reconstructed has been increased by this cuff system using the round ligament as described in the present study.
In conclusion, the herein described technique of an additional cuff system using the round ligament in allin-one venous reconstruction of multiple tributaries is feasible and effective in the setting of LDLT using the RL graft without the MHV trunk.
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